Purpose: In this study, we investigated the role of neutrophil to lymphocyte ratio (NLR) as a predictor of tumor response and as a prognostic factor in patients with rectal cancer who had undergone curative surgery after neoadjuvant chemoradiation therapy (nCRT). Methods: Between January 2009 and July 2016, we collected 140 consecutive patients who had undergone curative intent surgery after nCRT due to rectal adenocarcinoma. We obtained the pre-and post-nCRT NLR by dividing the neutrophil count by the lymphocyte count. The cutoff value was obtained using receiver operating characteristic analysis for tumor response and using maximally selected rank analysis for recurrence-free survival (RFS). The relationship among NLR, tumor response, and RFS was assessed by adjusting the possible clinico-pathological confounding factors. Results: The possibility of pathologic complete response (pCR) was significantly decreased in high pre-(>2.77) and postnCRT NLR (>3.23) in univariate regression analysis. In multivariate analysis, high post-nCRT NLR was an independent negative predictive factor for pCR (adjusted odds ratio, 0.365; 95% confidence interval [CI], 0.145-0.918). The 5-year RFS of all patients was 74.6% during the median 37 months of follow-up. Patients with higher pre-(>2.66) and post-nCRT NLR (>5.21) showed lower 5-year RFS rates (53.1 vs. 83.3%, P = 0.006) (69.2 vs. 75.7%, P = 0.054). In multivariate Cox analysis, high pre-nCRT NLR was an independent poor prognostic factor for RFS (adjusted hazard ratio, 2.300; 95% CI, 1.061-4.985). Conclusion: Elevated NLR was a negative predictive marker for pCR and was independently associated with decreased RFS. For confirmation, a large-scale study with appropriate controls is needed.
INTRODUCTION
Neoadjuvant chemoradiation therapy (nCRT) has been a standard treatment for locally advanced rectal cancer [1] and has contributed to improved local tumor control and superior survival rates [2] . However, the benefits of nCRT are not consistent for all patients with rectal cancer. About 50% of rectal cancers experience tumor regression and downstaging, while others remain in advanced stages [2] .
Radiosensitivity depends on biological tumor characteristics. However, the tumor microenvironment and systemic inflamma-tory response (SIR) are also important to tumor regression after radiation [3, 4] . Intensive lymphocyte infiltration into the tumor is a well-known prognostic factor for various solid tumors [5] . In addition, the prognostic importance of several SIR indicators, such as C-reactive protein, white blood cell count, and modified Glasgow prognostic score, have frequently been reported [6] [7] [8] . The neutrophil to lymphocyte ratio (NLR), which can be obtained from a routine laboratory full blood count test, is emerging as a predictor of treatment response and prognosis [8] [9] [10] [11] [12] .
The present study attempted to clarify the relationship of NLR to tumor response after nCRT and its influence on prognosis in rectal cancer cases.
METHODS

Patients
Between January 2009 and July 2016, we collected 140 consecutive patients who had undergone curative intent surgery after nCRT due to rectal adenocarcinoma at the Korea Cancer Center Hospital, Seoul, Korea.
All patients were identified from the institutional colorectal cancer database. We included patients with lower tumor border located below the sacral promontory on sagittal view of pelvic magnetic resonance imaging (MRI). We excluded patients with any acute infectious conditions at initiation of nCRT or rectal cancers associated with inflammatory bowel disease, hereditary cancer, familial adenomatous polyposis or other multiple polyposis syndromes, or recurrent or metastatic cancer. Institutional Review Board of Korea Cancer Center Hospital approved this retrospective study (K-1608-002-025) and exempted the informed consent.
Clinical staging, treatment, and postoperative follow-up All patients underwent a preoperative staging work up including rectal MRI, computed tomography (CT) of the chest, abdomen, and pelvis, and a positron emission tomography scan.
Radiotherapy was performed with a dose of 50.4 Gy in 28 fractions. The concurrent chemotherapy regimen consisted of 3 cycles of 5-fluorouracil (425 mg/m 2 )/leucovorin (20 mg/m 2 ) (FL) for 5 days with a 21-day interval. Two cycles were administered during the first and fifth weeks of radiotherapy, and the remaining cycle was administered during the resting period before surgery. The operation was performed 6-7 weeks after completion of radiotherapy. All operations were performed by 2 colorectal surgeons under the principle of total mesorectal excision with sharp and meticulous circumferential and longitudinal dissections along the mesorectal fascia to maintain the integrity of the mesorectal envelope. Adjuvant chemotherapy was recommended for all medically fit patients more than 4 weeks after radical resection with 3 additional cycles of the same FL regimen performed preoperatively. Postoperative follow-up consisted of a routine physical examination with CEA measurement every 3 to 6 months along with proctoscopy and a CT of the chest, abdomen, and pelvis every 6 to 12 months for 5 years.
Pathologic evaluation and blood count data
Standard pathologic tumor staging of the resected specimen was performed and recorded using the American Joint Committee on Cancer 7th edition TNM classification [13] . Pathologic response after nCRT was evaluated with the tumor regression grade (TRG) system suggested by the Gastrointestinal Pathology Study Group of the Korean Society of Pathologists [14] . Pathologic complete response (pCR) was defined as the absence of viable adenocarcinoma cells in the surgical specimen (ypT0N0). We collected full blood count data from a pair of blood samples obtained prior to initiation of nCRT and just before surgery. The NLR was calculated by dividing the absolute neutrophil count by the absolute lymphocyte count.
Statistical analysis
To compare categorical variables, chi-square or Fisher exact test was used. For continuous variables, independent or paired t-test and Wilcoxon rank-sum or signed-rank tests were used as appropriate. The optimal NLR cutoff values for tumor response and survival analyses were determined using receiver operating characteristic (ROC) analysis and maximally selected rank tests, respectively. Logistic regression was used to identify predictive factors for tumor response after nCRT. For survival analysis and comparison, the Kaplan-Meier and log-rank tests were used. For recurrence-free survival (RFS) analysis, events were defined as any type of recurrence or any cause of death. Cox proportional hazard regression analysis was performed for uni-and multivariate comparisons. Variables with P < 0.1 in univariate analysis were selected for multivariate regression. For multivariate regression, a backward stepwise elimination method was used. All tests were two-sided, and P < 0.05 was considered significant. Statistical analyses were performed using R ver. 3.5.0 (R Foundation for Statistical Computing, Vienna, Austria). Table 1 summarizes baseline characteristics and tumor information of 140 patients. The median age of the study population was 62.5 years (interquartile range [IQR], 55-72 years), and men were predominant. Lower tumor borders were frequently located below peritoneal reflection (85%).
RESULTS
Baseline patient and tumor characteristics
Eleven patients presented with obstruction; 7 of these had complete obstruction and underwent a stoma operation before nCRT. Four patients with intermittent and partial occlusion were treated with nCRT under careful observation without stoma.
About 9% of patients had clinical T4 stage, and about 80% of patients had clinical T3 stage. Surgeries were performed at a median of 7 weeks (IQR, 6.0-7.0 weeks) after completion of radiotherapy. Laparoscopic-assisted TME was used in 26 cases (18.6%).
In this population, the sphincter sparing rate was 76.4%. Tumor perforation by traction force during operation occurred in 3 patients.
Pathologic examination identified 29 cases of total regression (20.7%) (pCR, ypT0N0). Stratification by TRG resulted in 20 cases of near total regression (14.3%), 60 cases of moderate regression (49.3%), and 22 cases of minimal or no regression (15.7%). By pathologic staging, 72 cases (51.4%) remained advanced stage (stage II/III), and 3 cases showed resection margin involvement. The median number of total examined lymph nodes was 9 (IQR, [6] [7] [8] [9] [10] [11] [12] . The median values of pre-and post-nCRT NLR was 2.1 (IQR, 1.7-2.9) and 3.5 (IQR, 2.5-4.5), respectively.
NLR and tumor response after nCRT
In a descriptive analysis comparing pCR and non-pCR groups, the median value of pre-nCRT NLR was significantly higher in the non-pCR group (2.1 [IQR, 2.2-7.4] vs. 1.8 [IQR, 1.8-3.6], P = 0.042). Post-nCRT NLR was also higher in the non-pCR group, but the difference was not significant (P = 0.093). After ROC analysis to determine the optimal NLR cutoff value for pCR, prenCRT NLR of 2.77, and post-nCRT NLR of 3.23 were determined as optimal cutoffs. The frequency of pre-nCRT NLR >2.77 was significantly higher in the non-pCR group (36% vs. 13.8%, P = 0.038), and post-nCRT NLR was significantly higher in the nonpCR group (62.2% vs. 37.9%, P = 0.033). The median pre-nCRT CEA level of the non-pCR group was significantly higher (4.1 ng/ mL [IQR, 2.2-7.4 ng/mL] vs. 2.4 ng/mL [IQR, 1.8-3.6 ng/mL], P = 0.008), as was the rate of clinical node positive (cN+) status (86.5% vs. 58.6%) ( Table 2) .
Logistic regression regarding the association of pCR and other Table 3) .
NLR and RFS
During the median 37-month (IQR, 19.5-58.0) follow-up, there were 29 RFS events. Recurrence was identified in 27 patients and occurred most frequently in the lung (n = 12), followed by liver and distant lymph node metastasis. The 5-year RFS of all patients was 74.6%. Using maximally selected rank analysis, the optimal NLR cutoff value for RFS was obtained; pre-nCRT NLR was 2.66 and postnCRT NLR was 5.21. Patients with pre-nCRT NLR >2.66 showed significantly worse 5-year RFS than patients with pre-nCRT NLR ≤2.66 (83.3% vs. 55.2%, P = 0.014) (Fig. 1) . The 5-year RFS of the group with post-nCRT NLR >5.21 showed a lower 5-year RFS (69.2 vs. 76.7%, P = 0.038) (Fig. 2) .
In univariate Cox regression analysis, increased pre-(hazard ratio [HR], 2.750; 95% CI, 1.304-5.799) and post-nCRT NLR (HR, 2.160; 95% CI, 0.969-4.816) were associated with poor prognosis. In multivariate Cox analysis with other significant factors in univariate analysis, pre-nCRT NLR >2.77 remained a poor independent prognostic factor for RFS (adjusted HR, 2.300; 95% CI, 1.061-4.985) ( Table 4) .
DISCUSSION
In this study, increased preoperative NLR was significantly related to poor radiation response and RFS. Although multivariate regression with stepwise elimination methods showed that elevated post-nCRT NLR was independently associated with tumor response, and pre-nCRT NLR was independently associated with RFS, both factors were significantly associated with tumor response and RFS in univariate analyses. Values are presented as number (%) or median (interquartile range). pCR, pathologic complete response; CEA, carcinoembryonic antigen; nCRT, neoadjuvant chemoradiation therapy; NLR, neutrophil to lymphocyte ratio; RT, radiotherapy; RA, above peritoneal reflection; RB, below peritoneal reflection. The use of NLR as a prognostic indicator for SIR was originally described in a critically ill patient in the intensive care unit [15] . However, it has also been considered a predictive factor for survival outcome in a variety of cancers due to its performance and availability [8, 16] . NLR reflects the balance of host immunity between pro-and anti-tumor activities. A high circulating neutrophil count is considered to have pro-tumor properties because inflammatory cytokines released from neutrophils induce angiogenesis and provoke tumor growth [17] . Previous studies have shown that neutrophils can suppress T-cell response through production of reactive oxygen species, nitric oxide, and arginase. Lymphocytes, especially CD4+ or CD8+ T cells, are thought to play a key role in anti-tumor host immunity [18] by inducing tumor cell apoptosis. Intensive lymphocyte infiltration into tumor cells indicates a positive prognosis [5] , and the positive relationship between circulating lymphocyte count and degree of tumor regression has been previously described [19] . Thus, high NLR suggests a pro-tumor status and higher possibility of poor radiation response, while low NLR suggests anti-tumor status and a higher possibility of positive tumor response and survival [9, 12, 19, 20] . In this study, patients with a high NLR showed poor tumor response after nCRT and a decreased survival outcome, in accordance with previous findings.
In addition to NLR, other SIR markers derived from the complete blood count (CBC) have been investigated for their prognostic roles [21] [22] [23] [24] . Chan et al. [24] reported that elevated lymphocyte to monocyte ratio (LMR) was associated with increased overall survival, but independent association of the NLR and platelet to lymphocyte ratio (PLR) was not found in colorectal cancer. Jung et al. reported that patients with rectal cancer and high LMR, high PLR, or low NLR were associated with increased RFS, and high PLR was an independent marker for RFS after surgery following nCRT. However, no relationship to tumor response was found [23] . In the current study, we analyzed the relationships between PLR and treatment outcomes (tumor response, RFS) but did not find an association. Due to the negative results, we excluded this analysis from this manuscript.
Various cutoff values have been used to define elevated NLR groups in previous studies. However, the NLR cutoff values used in previous studies of patients with rectal cancer that underwent nCRT were inconsistent. Some studies used historical values from other primary or metastatic cancers [12, 20, 25] , and other studies used cutoff values calculated by statistical methods [23, 26, 27 ]. In the current study, cutoff values were determined after calculation by statistical methods. ROC analysis was used for tumor response, and maximally selected rank analysis was used for RFS. The latter method included time as a variable, and we suggest this test might be more appropriate for survival analysis. To our knowledge, only three studies used calculated cutoffs in this setting [23, 26, 27] . Shen et al. [27] used ROC analysis to determine a pretreatment NLR cutoff of 2.8 for overall survival, which was similar to our pre-CRT NLR cutoff of 2.66 for RFS. The maximally selected rank analysis used in our study is the same statistical method used by Sung et al. [26] . Cutoff values were 1.75 for pre-CRT NLR and 5.14 for post-CRT NLR. In the largest retrospective study carried out prior to the current study, the cutoff was determined by log rank test using the Contal and O'Quigley method [23] . Their pretreatment NLR cutoff was 1.7, and higher NLR showed decreased RFS. The calculated cutoff can be influenced by size, characteristics of the sample population, and outcome variables, so interstudy discrepancies may exist. To obtain optimized generally acceptable cutoff values, a well-controlled large-scale study is needed.
As a limitation of this study, the sample size was small and provided insufficient data to draw confirmative results. Due to the retrospective study design, unmeasured confounding factors may exist. Additionally, underlying inflammatory conditions may influence CBC composition. Although patients with documented acute infectious or other inflammatory conditions were not included in the study, it is possible that patients with undocumented infectious conditions were included.
Selection bias might contribute to our relatively high pCR rate (20.7%). The relatively long interval between termination of nCRT or operation and additional consolidation chemotherapy treatment are possible contributors to higher pCR rates. However, the high proportion of cT2N+ patients in the current study cannot be ignored. To obtain confirmative results and establish the role of CBC-based markers, a large-scale study with clinical stage subgroup analysis is necessary.
In conclusion, in our small cohort of patients with rectal cancer treated with nCRT followed by surgery, elevated NLR was a negative predictive marker for pCR and was independently associated with decreased RFS, despite previously mentioned limitations. A future well-controlled, large-scale prospective study is needed to gather further comprehensive information on the role of CBCderived biomarkers.
